INTRODUCTION
The human leukocyte antigen (HLA)' complex is determined by a number of genes, several of which have This work was presented in part at the 60th Annual Meeting of the Endocrine Society, Miami Beach, Fla., June 1978.
Received for publication 6 March 1978 and in revised form 14 August 1978. arused in this paper: B lymphocytes, bone marrow-derived lymphocytes; Bf, properdin-rich factor B; 108 been identified and individually designated (HLA A, B, C, and D). The first three are serologically detected; the D gene codes for the expression of products detected in the mixed lymphocyte culture reaction. Many other genes are known to be located near or in the HLA complex (1) .
In mice, genetic mapping has shown that genes which control the immune response are located between those of the D and K determinants of the major histocompatibility complex (2) , and may not be separable from those coding for Ia surface antigens (3) . The I-region associated (Ia) antigens appear to determine the intensity of the mixed lymphocyte culture reaction (4) , and are probably analogous with the lymphocytedefined antigens of man (5) .
Although the precise relationship of I-region associated (Ia) antigens to immune response (Ir) gene effects is not known, there is considerable reason to believe that Ir gene products are expressed on thymus-dependent (T) cells (6, 7) . There is, however, evidence which indicates that Ir gene effects may also be functionally expressed on bone marrow-derived (B) lymphocytes (8) . Ia antigens have been identified as components of antigen-specific helper factors (8) , antigen-specific suppressor factors (9) , and antigen-nonspecific "allogeneic effect" factors (10) . They are also involved in the mediation of immunoglobulin (Ig)M/ IgG switch in the course of the humoral immune response (11) .
In recent years, a large number of human diseases have been found to be associated with certain HLA antigens (12) . These disease associations may be broadly divided into those in which the primary association is with D locus alleles, and those whose associations are stronger with the A, B, or C alleles; diseases that belong to the first category have in common an autoimmune basis. In analogy with the mouse histocompatibility complex, it is not unreasonable to suspect that the disease susceptibility genes in those instances would be identical to the D locus or map in the vicinity of that locus. The realization that certain human pregnancy sera could block stimulation (by B cells) in the mixed lymphocyte culture reaction raised hopes which were subsequently justified that the polymorphisms of D locus related specificities (DRw) may be serologically identified (13) .
In this report, we describe the development of local reagents capable of typing HLA DRw specificities and the use of these sera to define DRw antigens among unrelated patients suffering from Graves' disease. We have also examined inheritance of these specificities along with products of HLA A, B, and C loci in a family with multiple cases of Graves' disease.
METHODS
The sera. 740 pregnancy sera were studied, after absorption with platelets pooled from 50 different donors. The sera were screened for the presence of B lymphocytotoxic antibodies against a panel of 113 persons with a wide variety of HLA phenotypes. 90 sera (12%) were found to react against one or more of the lymphocytes of the 113 individuals tested. These sera were specifically cytotoxic for B cells, in that when tested against the same individual's T lymphocytes no parallel pattern of reactivity was observed.
The employing of 2 x 2 chi-square analysis of the serum reactions and comparing each serum in turn with every other serum (14) led to the definition of 45 clusters.
Specificity. The DRw3 activity were used to establish the specificity of clusters which contained the 13 DRw3 sera.
Lyophilized rabbit serum as source of complement was purchased from Cedarlane Laboratories Ltd., London, Ontario, Canada.
Subjects. We studied 41 sequential unrelated patients suffering from Graves' disease and 50 controls with no personal or family history of thyroid disease and normal thyroid function tests. All patients and controls were adult Caucasians drawn from the Avalon Peninsula of Newfoundland. Graves' disease was diagnosed on the basis of clinical features, thyroidal radioiodine uptake and rectilinear scanning, and elevated serum thyroid hormone levels. These 91 individuals together with a further 40 people were coded and their DRw specificities determined 'blind' (without knowledge of their identity or their HLA phenotypes). We also restudied a previously reported (15) sibship with multiple cases of Graves' disease. It was now possible to 'split' some of the A and B locus antigens and type for the C locus as well as for DRw specificities. Two members of this sibship were found to be HLA B/glyoxalase recombinants (previously unreported). It was thus possible to examine the segregation of DRw region within this family.
Leukocyte separation. Lymphocytes separated from 50 ml of heparinized blood were used to screen for useful DRw reagents. Subsequently, 20 ml were used for HLA DRw typing. Leukocytes were separated by Ficoll-Hypaque (Pharmacia Fine Chemicals Inc., Piscataway, N. J.) gradient centrifugation (16) and adjusted to 4 x 106/ml. Equal (0.5 ml) volumes of lymphocytes and of 1% sheep erythrocytes (Connaught Medical Research Laboratory, Willowdale, Ontario, Canada) suspended in tissue culture Medium 199 (Grand Island Biological Co., Berkeley, Calif.) and 10% fetal calf serum (Grand Island Biological Co.) were mixed and incubated at 37°C for 15 min, and subsequently held at 4°C overnight. The percentage of cells that formed rosettes was determined microscopically after gentle resuspension. The contents of several tubes were pooled, gently layered onto FicollHypaque gradients, and spun at 500 g for 30 min (17) . The cells at the interface (B cells) were removed, washed, resuspended in medium, and adjusted to 2 x 106/ml. The purity ofthe B-cell preparation was checked by immunofluorescence for surface immunoglobulins with fluorescein-conjugated rabbit anti-Ig serum (The Wellcome Foundation Ltd., The Wellcome Research Laboratories, Beckenham, Kent, England) and sheep erythrocyte rosettes for evidence of T cell contamination. On the average, 70% of the B-cell fraction was positive for surface immunoglobulins with <10% contamination with T cells. 90% or greater of the B-cell fraction used for DRw typing were viable as defined by trypan blue exclusion.
HLA typing. All controls and patients were typed for 14 A locus antigens and 16 B locus antigens. In a number ofpatients and controls, as well as in members of the sibship reported, it was possible to split A9 into Aw23 and Aw24; AIO into Aw25, Aw26, and Aw34; Bw16 into Bw38 and Bw39; and to further identify Aw32 and Aw33; Bw4l, Bw42, Bw4, and Bw6; and Cwl to Cw5 (18) . The typing sera panel was extended with the benefit of the Seventh International Histocompatibility sera. The testing for HLA DRw was carried out with the 90 useful sera with a two-step complement-dependent microcytotoxicity assay (19) .
Other methods. Allotypic variants of properdin-rich factor B were determined by high voltage electrophoresis followed by immunoprecipitation (20) and those for glyoxalase (Glo) as described by Parr et al. (21) .
Relative risk, and the statistical derivations therefrom were calculated as described by Svejgaard et al. (22) . Chi-square tests were used to make comparisons. RESULTS Reproducibility. 12 individuals were each typed on two occasions, separated by periods of several weeks, and DRw specificities assigned 'blind'. Excellent agreement was observed between serum reactions and DRw phenotypes (Table I ). In only one of the 24 possible alleles was disagreement observed (4.1%); instead of DRw1, the disparate allele was typed as a blank.
The number and identity of alleles. By assuming that one locus codes for DRw, it would be expected that two antigens would be detected in each individual. In many instances "extra" serum reactivities were observed. The majority of these reactions did not segregate with any of the seven DRw specificities although they segregated with HLA in three small sibships studied. As no instances ofintra-HLA recombination events were observed, it was not possible to detennine whether we were looking at the products of two loci, or Whether these reactivities represented private antige,ns.
In three instances (two controls, and one patient with Graves' disease), the serum reactions clearly suggested the presence of three antigens (triplets). In each case, family information suggested that one ofthe 3 antigens was a result of 'extra' reactions (Table II) . In 9 patients and 10 controls, only one DRw antigen could be detected by the reactant sera. B lymphocytes from one healthy control failed to react against any of the typing sera. Laboratory error was excluded by repeat testing; Chi-square testing showed that highly significant agreement was found between the serum reactions in all individuals studied (X2 > 25). * + + signifies positivity for stated numbers of sera on both occasions; + -indicates positivity on first occasion but not on second and vice versa for -+.
t Disagreement between two phenotype results. (Table II) .
HLA results. HLA B8 was the only antigen for which significant deviations were observed in the Graves' disease group compared with controls (Table  II) (Table II) to be increased among the patients who suffered from Graves' disease (5 or 12.5%) compared with control subjects (2 or 4%). The difference between the patients and control in this series was, however, not significant (X2 = 2.2, P > 0.1). Family data. Fig. 1 depicts the sibship that contained four members who had suffered from Graves' disease (15) . The disease susceptibility entered this family with the maternal haplotype HLA A24, Bw39, Bw6, Cw-, and DRw2. Three out of four children to whom this haplotype was transmitted suffered from Graves' disease. It is of interest to note that despite the historical evidence that the two parents were unrelated, they were completely identical at one haplotype (A24, Bw39, Bw6, Cw-, DRw2, properdin-rich factor [Bf], and GIb2). Bf data was uninformative.
In two offspring, in whom recombination between HLA B and Glo was found, DRw was observed to follow the B locus.
DISCUSSION
In a discussion of HLA-DRw antigens and the relevance of their associations with disease, two issues arise: (a) the relationship of HLA DRw to previously established HLA specificities and (b) whether they are coded for by one or more loci. The Seventh Histocompatibility Workshop showed that the correspondence between HLA DRw serological results and HLA D typing were far from complete. Serologic testing of B cells resulted in broader specificities than those identified by HLA D homozygous cell typing, and narrower than their definition by cells previously sensitized to known HLA-D gene products (primed lymphocyte typing) (23). These findings can be interpreted as follows: either (a) we are dealing with a complex molecule, and each of the three methods of typing look at different (24, 25) probably in the vicinity of HLA A (24) . Additionally, comparison of primed lymphocyte and DRw typing suggested the presence of a locus mapping separate from DRw (26) . At this stage of the art, and in the absence of family studies on intra-HLA recombinants, it is not possible to exclude the possibility that the additional specificities identified may represent private antigens that were not absorbed by platelets. This is, however, unlikely to be the explanation for the primed lymphocyte typed specificities. In our data we found examples of individuals whose B lymphocytes demonstrated extra reactions, which were heritable and segregated with HLA. In view of the high fre- quency ofthe extra reactions among the people studied, it was unlikely that these represented private antigens.
As concerns the occurrence of apparent triplets, these were probably related to multispecificity of some sera. Against this background, we have used specific reagents to type patients with Graves' disease for HLA DRw antigens. Our results showed that HLA DRw3 was increased among patients with Graves' disease and resulted in a stronger association than that conferred by HLA B8. It was previously known that HLA B8 and HLA Dw3, which show marked linkage disequilibrium (27) , were increased among patients with Graves' disease compared with controls (28) (29) (30) (31) . A stronger association with Graves' disease was observed for HLA Dw3 than for B8. We reported earlier that apparent (in the absence of family data) homozygosity for HLA B8 increased the relative risk for Graves' disease several-fold over heterozygosity (29) . Without typing for HLA-D (or HLA DRw) it was not possible to answer the question of whether the disease susceptibility gene was recessive or whether HLA B8 homozygote individuals were more likely to be HLA Dw3 positive than heterozygotes; family data (15) was more in keeping with a modified dominant mode of inheritance. We now find no increase of HLA DRw3 homozygosity over that expected. This finding along with the stronger association of Graves' disease with DRw3 suggests that the susceptibility to the disease is inherited as a dominant character (15) . Such a mode of inheritance is in agreement with what has been described for Ir genes in the murine system. While the presence of thyroid-stimulating antibody, known to be causally related to Graves' disease, did not appear to be associated with HLA B8 positivity (32) , it was shown that the disease in HLA Dw3 (and HLA B8) positive individuals was less likely to remit after antithyroid drug therapy compared with Dw3 negative patients, which suggests persistance of thyroid-stimulating antibody in the former (31, 33) . This interesting possibility, however, needs to be substantiated by formal thyroid-stimulating antibody assays.
In the family included in this study, Graves' disease was associated with the maternal haplotype HLA A24, Bw39, Cw_, DRw2, BfS, and Glo2. This haplotype was passed on to four offspring, three of whom went on to develop Graves' disease. This family does not provide evidence for the inheritance of the susceptibility to Graves' disease in association with the DRw locus rather than the A, B, or C (31) loci. However, the fact that we have demonstrated that the susceptibility was more closely associated with HLA DRw3 is more in keeping with such an assumption. The association and inheritance of DRw2 with Graves' disease is direct evidence that the association with Bw39 was not a result of a chance linkage of that antigen with DRw3. This finding also stresses the fact that Graves' disease may be associated with DRw alleles other than DRw3; and that once the linkage between the disease susceptibility gene with DRw2 is established, both are inherited closely together (with no evidence ofrecombination). It is clear that the disease susceptibility gene is not identical with HLA DRw3, but is in linkage disequilibrium with it. It is also randomly associated with other HLA DRw alleles.
The two Glo/HLA recombinants observed in this family show that the DRw follows the HLA B locus, which suggests that the chromosomal break occurred outside the D region.
In conclusion, typing for HLA DRw specificities showed that only two-thirds of patients with Graves' disease were positive for HLA DRw3. Further work is clearly indicated to pursue stronger associations with the disease. Refinement of serological typing for the equivalent of the apparently heterogeneous HLA Dw3 (34) as well as typing for products of other loci in the HLA region are two such approaches.
